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Specification 

1. Title of Invention: 

A process for preparing clavulanic acid 

2. Claim: 

1. A process for preparing clavulanic acid, character- 
ized in that the process comprises aerobically cultivating a 
new strain, P6621 (Deposit No. FERM-P 2804 in Fermentation 
Research Institute) which belongs to the genus Streptomyces , 
and thereby accumulating clavulanic acid in the culture obtained. 




3 . Detailed description of the invention 

The present invention relates to a process for pre- 
paring clavulanic acid using a new strain P6621 which belongs 
to the genus Streptomyces . 

Clavulanic acid is a substance isolated from a culture 
broth of Streptomyces clavuligerus (Japanese Patent Publica- 
tion No. 77-1996 and A.G. Brown, et al; Journal of Anti- 
biotics, vol. 29, pp. 668, 1976). It has a relatively weak 
antibacterial activity against gram positive and negative 
bacteria, but has a strong 6-lactamase inhibiting activity, and 
this conpound dlscnoteworthy as 3 -lactamase inhibitor. The 6- 
lactamase inhiting activity can be used together with 
penicillins and cephalosporins, to increase the antimicrobial 
activity of these 6-lactam antibiotics against resistant 
strains capable of producing g-lactamase. Clavulanic acid 
has a new skeleton, and thus it is a useful substance valuable 
as a raw material for synthesizing semisynthetic 6-lactam 
antibiotics which have said skeleton. 

Clavulanic acid-producing strains known hitherto include 
Streptomyces clavuligerus NRRL 3585, ATCC 27064, FERM-P No. 
3007 (Japanese Patent Publication No. 77-1996) , Streptomyces 
jumonjinensis No. 3008 strain, FERM-P No. 1545, NRRL 5741 
(Japanese Patent KOKAI No. 77-47991) , and Streptomyces 
katsurahamanus FERM-P No. 3944, IFO 13719 (translator's note: 
correctly 13716) (Japanese Patent KOKAI No. 78-104796) . 
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The clavulanic acid-producing strain used in the 
process of the present invention is a new ray fungus of 
Actinomycetes . Its typical strain was isolated onto a 
yeast-malt agar medium from a soil sample of Saitama Suijo Park, 
Ageo City, Saitama Prefecture in April, 1974, and was named 
as strain No. P6621. Since its culture broth contains 7-(5- 
amino-5-carboxylvaleramido ) -3-carbamoyloxymethy 1-7-methoxy- 
3-cephem-4-carboxylic acid accumulated, a process for preparing 
said acid using said strain was already proposed (Japanese 
Patent KOKAI No, 76-110097) . 

Later, the present inventors have found that the strain 
P6621 produces a substance which has antimicrobial activity but is 
different from 7- ( 5-amino-5-carboxylvaleramido ) -3-carbamoyloxy- 
methyl-7-methoxy-3-cephem-4-carboxylic acid in the culture 
broth, and they designated this substance as P6621 Factor-3. 
This substance was isolated, examined and identified as a 
known substance "clavulanic acid" as described later. Thus 
the present invention has . been completed. 

The P6621 strain which belongs to the genus 
Streptomyces and is used in the present process has the 
following microbiological characteristics. 
1) Morphological properties 

When the P6621 strain as grown on a yeast-malt agar 
culture medium at 28*^0 for 10 to 20 days is observed, aerial 
hyphae are simply branched and extend well, and their tips 
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are straight or slightly curved. Neither whirls 
nor sporangia are formed, and sclerotia are not observed. 
Spores are little observed but rarely formed, and the sur- 
face is smooth, 

2) Properties on culture-media 

The properties of P6621 strain on the following various 
media were observed after incubating the P6621 strain at 
2S^C for 14 days, unless otherwise stated. 

(1) Sucrose nitrate agar medium 
Obverse: White 
Reverse: White 

Soluble pigment: Not produced. 

Growth: Medium to slightly-weak 

(2) Glucose-asparagine agar medium 

Obverse: Little aerial hyphae are formed, and the 

surface is grayish. 
Reverse: White, but_ partially is light yellowish green 

Soluble pigment: Not produced 

Growth: Good 

(3) Glycerol-asparagine agar medium 

Obverse: White, powdery, and aerial hyphae are slightly 

formed . 
Reverse: Light yellow 

Soluble pigment: Not produced. 

Growth: Good 
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Starch agar medium 

Obverse: White to grayish white 

Reverse: Light yellow 

Soluble pigment: Not produced. 

Starch decomposing ability: Decomposable 

Growth: Good 

Tyrosine agar medium 

Obverse: White 

Reverse: Light yellow to light brownish yellow 

Soluble pigment: Not produced. Melanoid pigment 

is not produced. 

Growth: Good 
Nutrient agar medium 

Obverse: Aerial hyphae not formed. 

Reverse: Light yellow 

Soluble pigment: Not produced. 

Growth: Good 

Yeast malt agar medium 

Obverse: White and velvety 

Reverse: Bright yellow 

Soluble pigment: Not produced. 

Growth : Good 

Oat meal agar medium 

Obverse: White 

Reverse: Light yellow to bright yellow 
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Soluble pigment: Not produced. 

Growth: Good 
3) Physiologic properties 

(1) Optimum temperature for growth 

Optimum at 20 to 30°C, No growth at 10°C or 37°C. 

(2) Optimum pH for growth 

Grows at pH 5.0 to 8.0. Optimum pH at 5,5 to 7.0 

(3) Liquefaction of gelatin (on glucose-peptone-gelatin 
medium at 20°C) 

No liquefaction 

(4) Hydrolysis of starch (on starch agar medium.) 

Hydrolyzed. 

(5) Coagulation and peptonization of skimmed milk (on skim 
milk medium) 

Peptonized . 

(6) Production of melanoid pigment (on tyrosin agar medium, 
peptone-yeast-iron agar medium, and trypton-yeas t extract 
liquid medium) 

Not produced in any medium. 
4) Assimilability of carbon sources (Pridham Gottliebe 

agar medium) 

(1) L-arabinose 

(2) D-xylose 

(3) D-glucose + 

(4) D-fructose 



- 7 - 



(5) Sucrose - 

(6) i-inositol + 

(7) L-rhamnose 
■ (8) Raffinose 

(9) D-mannitol 

To sununarize the above, the strain P6621 is a simply- 
branched strain belonging to the genus Streptomyces , and 
it usually develops straight aerial hyphae . According to 
the method of the International Streptomyces Project (ISP) , 
judging from the colors of colonies on various media, this 
strain belongs to white series, and judging from the struc- 
ture of the tips of aerial hyphae, it belongs to the RF 
(Rectus flexibilis) section. The strain, rarely develops 
spores with smooth surface, and usually, spores are scarcely 
formed. It does not produce any melanoid pigment, and it 
assimilates D-glucose and i-inositol as carbon sources. 

Among known Actinomycetes fungi, several strains which 
belong to white series and the RF section are known, and 
they are smooth on the spore surface and do not produce any 
melanoid pigment, but they are clearly different from the 
strain P6621 in the assimilability. of carbon sources and 
other features. 

The strain P6621 produces 7- ( 5-amino-carboxyvaleramido) - 
3-carbamoyloxymethyl-7-methoxy-3-cephem-4-carboxilic acid 
which is. a 6-lactam antibiotic. Hitherto, the following twelve 
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ray fungi are known as strains which can produce said acid or 
similar 6-lactam antibiotic, but they are different from the 
strain P6621 in microbiological properties: Streptomyces chartreusis, 
S^. cinnamonensis , S. fimbiatus , S. griseus , S. halstedii , S. 
lactamdurans , S. rochei, S, viridochromogenes , S. lipmanii , 
S. clavuligerus, S. wadayamensis and S. jumon j inensis . Of 
the twelve strains, eight strains stated in the Bergey ' s 
Manual of Determinative Bacteriology, 8th edition, are compared 
with the strain P6621 in the following. 

S. chartreusis (International Journal of Systematic 
Bacteriology, vol. 18, p 95, 1968) and S. viridochromoQenes 
(ibid., vol. 22, p. 369, 1972) belong to the B (blue) series 
and to the S (Spira) section, and are different from the 
strain P6621. Both S. fimbriatus (Waxman, "The Actinomycetes " , 
vol. 2, p. 208, 1961) and S- rochei (International Journal of 
Systematic Bacteriology, vol. 18, p. 368, 1968) belong to the GY 
(gray) series and to the S (Spira) section, and are different 
from the strain P6621. S. cinnamonensis (Waxman, "The Actino- 
mycetes" vol. 2, p. 195, 1961) belongs to the R (Red) series and- 
to the S (Spira) section, and different from P6621. S.. griseus 
(International Journal of Systematic Bacteriology, vol. 18, p. 
332, 1968), S. lipmanii (ibid., vol. 18, p. 140, 1968) and S. 
halstedii (ibid., vol. 18, p. 128, 1968) belong to RF (Rectus flexibilis) 
section. The former two belong to Y (yellow) series, and the lat- 
ter one belongs to the GY (gray) series. Therefore, they are 
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different from the strain P6621. 

The remaining four strains _are compared below with 
^ the strain P6621. It is known that all these four strains produce 

7- (5-amino-5-carboxyvaleramido) -3-carbamoyloxymethyl-7- 
methoxy-3-cephem-4-carboxylic acid. 

lactamdurans (Japanese Patent KOKAI No. 71-3286) 
is powdery and creamy in the color of aerial hyphae on various 
media, and it liquefies gelatin, unlike the strain P6621. 
Moreover, as regards the ability to utilize carbon sources, 
it uses L-arabinose, D-xylose, raffinose and D-mannitol, 
but does not use i-inositol and is quite different from the 
^^^21. S. wadayamensis (Japanese Patent KOKAI No. 74-30593) 
is considered to belong to the S (Spira) section and is noticed 
to belong to the GY (gray) series thr-ough observation on 
an oat meal agar medium, a yeast malt agar medium, etc. 
It also forms a melanoid pigment. Therefore, it is noted 
to be .different from the strain P6621. s. jumon j inensis 
(Japanese Patent KOKAI No. 74-42893) is also conside-red to 
belong to the S (Spira) section, and it is white to brownish : 
gray in the color of aerial hyphae on a yeast malt agar medium" 
It also forms a soluble pigment and is different from the .strain P6621 
in regard to the carbon source-usability for many saccharide?. There- 
fore, it is considered to be quite different from the strain 
P6621. As S. clavuligerus (C.E. Higgens & R.E. Kastner, 
International Journal of Systematic Bacteriology, vol. 21, 
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p. 326 , 1971) is considered to be most closely related to the 
strain P6621, S. clavuliqerus NRRL 2585 was used for tests 
for comparison with the strain P6621. 

Properties found to be different between both these 

two strains are described below. 

Difference in mo rphological prop erti^^g 

S. clavuligerus has one to four spore chains at the 

tip of each aerial hypha, and the head has such a special 

structure as to be roundly swollen to be branched, but the 

strain P6621 does not show such a structure, and aerial 

hyphae have simply straight tips. 

Differen ce in properties on media 

The difference between both these strains is shown in 
the following table. 
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Culture Medi 



um 



Sucrose nitrate 
agar medium 



S. clavuliqerus 



Growth : 



Poor 



Aerial hyphae: 
Not formed 



Reverse 



Dark 



Strain P6621 



Growth: Poor to medium 
Aerial hyphae: White 



Reverse ; 



White 



Starch agar 
medium 



Yeast malt 
agar medium 



Aerial hyphae: Gray 
(2fe) to bright 
olive gray 

Reverse: Light yellow 



Aerial hyphae: White (b) 
to grayish white 

Reverse: Dimmer light 
yellow than S. 
clavuligerus 



Aerial hyphae: Bright 

grayish olive color 

(1-1/2 ge) to bright 

brownish gray (3fe) 

Reverse: Grayish 
yellow to bright 
yellow 



Aerial hyphae: White (b) 



Reverse: Light yellow 
to bright yellow 



Assimilability of carbon sources 



Saccharaide 


S, clavuligerus 


P6621 strain 


D-glucose 






' i-inositol 


{ + ) 


+ 



As stated above, on a yeast malt agar medium and a starch 
agar meditam, S. clavuligerus has spores adhering abundantly 
and produces grayish green aerial hyphae, while the P6621 has 
spores adhering poorly and produces white aerial hyphae. 
Furthermore, they are different in the ability to utilize 
D-glucose and in the morphological feature at the tips of 
aerial hyphae. 
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Based on the above findings, the strain P6621 does 
not coincide with any known strain, and- it should be rec- 
ognized as a new strain belonging to the genus Streptomyces . 

The Streptomyces strain P6621 has been deposited in 
Fermentation Research Institute, the Agency of Industrial 
Science and Technology, as deposit No. FERM-P 2804. 

1' ^^atsurahamanus strain (Japanese Patent KOKAI No. 
78-104796) capable of producing clavulanic acid, which was 
reported later than the strain P6621, is also a strain con- 
sidered to belong to the S (Spira) section, and is grayish 
blue in the color of aerial hyphae on a yeast malt agar medium, 
It forms a soluble pigment and can not utilize D-glucose or 
i-inositol, and it is positive in gelatin liquefaction. 
Therefore, it is considered to be quite different from the 
P6621. Since it is generally well known that mutation of 
actinomycetes occures frequently, the new strain P6621 
belonging to the genus Streptomyces in the present invention 
includes all the spontaneous and artificial mutants. Namely, 
it includes all the strains which produce clavulanic acid - 
and which can not be clearly distinguished from the strain 
P6621. 

The cultivation of the strain P6621 in the present 
process is carried out according to a usually used con- 
ventional cultivation method for producing antibiotics from 
Actinomycetes fungi. Namely, shake-cultivation or submerged 
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aerated -cultivation is p.e£.„ble. «s fo. the „ediu. 
ingredients, dextrose. ,i,oerol. sucrose, soluble starch 
lard, soybean oil. dextrin, molasses, etc . may be added as 
carbon sources, .s nitrogen sources. „eat extract, peptone. 
Casa.ino acid, corn steep liquor, soybean .eal. cotton seed 
".-al. casein, dry yeast, peanut meal, ammonium sulfate 
sodium nitrate, potassium nitrate, etc. may be. added as 
inorganic salts, potassium dihydrogenphosphate, dipotassium 
hydrogenphosphate, calcium carobnate . magnesium sulfate 
iron sulfate, sodium chloride, potassium chloride . etc . lay be 
added. AS reguired. methionine, a trace amount of heavy 
metals,, vitamins, antifoamer. etc. ^y be added. The incubation 
.3 carried out at 18 to 30-c. The mount of the active 
ingredient in the culture broth in the progress of cultivation 
is determined by the disc test method using the Comamonas 
terrigej. B-„. as the test microbe. Usually, t;;::;:::;;; 
of the active ingredient reaches the maximum in 40 to 75 
hours 



Clavulanic acid as produc-t^t^ , 

proauced and accumulated mainly in ' 

the liquid portion of the culture bro^h 

uxcure broth can be recovered 

and purified by conventions. i 

onventional adsorption and elution methods 

For instance, the recovery may be carried out by option- 
ally combining the adsorption on active carbon or activated 
granular active-carbon or a porous aromatic polymer 
having amine groups and phenolic hydroxyl group at the 
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-.face „..e.. HS-„3in avaiXa..e ..o™ HoKuetsu Ca..o„ 

X„..3t.i., o.,. .He elution an .,„eou. solvent sue. as 

-tha„ol.,.ethan=l, water or a,ueous acetone, or with adsorption- 
elution by an anion exchange resin such as Oowex 1.2 ,™aae 
by DOW Che.icai, . porous crosslin.e. polystyrene stron, anion 

exchange resin (trade name: Diaion PA30fi ^ a v. 

laion PA306 made by Mitsubishi 

Chemical industries, .ta.,. crossiin.ea aextran stron, anion 
exchange resin Uraae na.e , cephaae. ..s .aae hy Pharmacia,, 

-c, or ,el filtration by oro.siin.ea aextran (traae na^e • 
Cephaaex c-10 .aae hy Pharmacia, . Bio-«ei P-2 ,.aae by 

Biorad) , or chromatography nn th^ 

grapny on the column method or the thin 

layer .ethod using DEAE (diethyla^inoethyl , -cellulose , OEAE- 

=rossli„.ea aextran matrix .traae na.e.. Cephaaex „aae by 

Pharmacia), crystallized cellulose ftr-.Ho 

xxuiose (trade name: Avicel made 

by Asahi Chemical Industry Co Lt-rt ^ 

^ °" °^ by repeatedly using 

these methods. 

The active ingredient, P6621 Factor- ^ 

' i^actor 3 as accumulated in 

the culture broth of the strain P6fi9i 

strain P6621 gives Rf = o.30 in the : 

descending paper chromatography developed with a 

developing solvent (eluent, compri.i.g i.o ml of acetonitrile , 

.1 Of O.IM Tris hydrochloric acid buffer solution (pH 
^•5), and 1 „i Of O.IM EOTA (e thy lenediamine tetraac.tic 
acid,. Because P6621 Factor 3 shows antibacterial activity 
against the Comamonas terrigena s-Sse , it can be detected 
by bioautography using it. P5621 Factor 3 gives a single 
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active-spot by performing co-chrom.^ 

■^"y CO cnromatographv wit-h = 
clavulanic acid authentic 



The P6621 Faf-+-r^>- / 

Factor 3 (sodium salt) isolated bv fh= u 
method gives the foil • by the above 

g es following physicoche.ioal properties, 

"traviolet absorption spectra: Ooes not give any special 

...raviolet absorption at ..0„„ or „ore in „ethano . 
--ared absorption speotru. .he infrared absorption 
speotru. Of ....i , ^^^^^ ^^^^ 

KBr pellet .ethod shows the following oharacteristio 
-Ki.o„ absorption wave numbers, as shown in rig. , 

Approx. 1790 cm-1 fe-l^ot- = 

ip-iactam rxng -CO-) 

Approx. 1700 cm-l (-c=c-o-) 

Wit. tlT - — ru. perfectly coincides 

-at of authentic clavulanic acid (sodiu. salt, 
P6621 Factor 3 (sodium salt) gives a min" 
concentration (.XC) of about 31 .^J, ^"^'^^^^ 
aureus Russel strain H lifPhylococcu_s 

strain, when measured b,^ a dilution^i^^^oTI^ir 

These properties perfectlv or,,- 
auth.n^- , ^fectly coxncxded with those of an " 

authentic clavulanic acid (sodium .alt) and it 
that the ^o^,- • It was confirmed 

nan the active ingredient P6621 F^r^^r. , ■ 

"^^^^^^ ^ clavulanic acid, 
txample for the Dr*»c:«r,«- • 
The essential — tion is described below, 

essential part of the present invention resides in a 

r -'—^ - newaotino^t: stram 

"21. « accumulate clavulanic acid in the culture ■ 

T^e example, is merely illustrative, and the present 
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invention is not lin^ited thereto m ^H . 
Example 3 

Acti„o:„ycetes, StrsEtOEj^ ,p. p,,jj 

-as ,.o™ on the ISP-2 slant a 

Slant agar medium, was 
-=u.a..a a. one p.at.n.™ loop.. a„o„n. , 
Erlenmeyer flask containing 50 .1 of the folio ■ 

-aiu. SE-., an. sha.e-oultivation ' 

for 48 ""ivatxon was carried out at 28-c 

for 43 hours, on a rotary shaker. 

SE-4 Medium: 

Meat extract (madebyoifco) 0.3% 

Glucose 

0.1 

Soluble starch 

2.4 

Yeast extract 

0.5 

Calcium carbonate ^ 
Defatted soybean meal (Essan M) 0.5 

PH 7.5 (adjusted by sodium hydroxide before steril • • 
The cultured broth w.. • ^terxlizatien) 
orotn was xnoculated in i mi 
each of sixtv 5nn 1 ea m 1 ml-portions into 

fixcy 500 ml capaci tv-P»-i • 

f acicy-Erlenmeyer flask-c o*. ■ , . 

pressure and- containing loo ml of the folio ""^^ 
-dium, and sha.e cultivation " P-^uction 

cultivation was carried out at 28^ .0 
Ws, on a rotary shaker. 
Production medium: 

Soluble starch 

2.0% 
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Glycerol 

'defatted soybean xneal 
Corn steep liquor 
^eSO^ . 7^20 



0.3 
1.0 
0.1 

0.01 



-'--a. ^^^^^^ ^ =upe„at.„e .o.u..o„ ,3 

r^^ . -«-La£)ie from Mitsubishi rh • 

'° ^^--^ ac.,„e 3„.3.anoe 1" 

°^ ^-tmaa „ate. a. "ashea 
- '-eou3 .„ax™ ^o.^'"" ^ ^" 

-"-n ,.aaie„t o. „ , „ J"^^"" c.„ee„- 

.i„,33,^ „^^^ <t.e a„.„,,, „,3 

were .„u...ea. ana pa.T:7;;::7„,77^ — - 

..e aa 'T'^ -"P3 ae " 

- -""-a "a.a.. ana J T::" ^ "0 ™. 

- ^ linear con=.„,„ei„„ " 

..„aee „as °^ 0 30,. 

faction. „ere subj,,,,, ^ ^ "ct.ons. The respective 

a -uo„i„, ae.e.op.„,.3o:::r"L7" ^ 

' ""^ factions Nos. 5 to 
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12 rich in the active substance and showing Rf = 0.30 were 
collected. 

Developing solvent for paper chromatography: 
Acetonitrile 120 ml 

0 . IM Tris hydrochloric acid buffer solution (pH 7.5) 30 ml 
O.IM EDTA (pH 7.5) 1 ml 

Fraction Nos. 5 to 12 were fed through a column packed 
with 20 ml of crosslinked dextran-matr ix strong anion exchange 
resin, "QAE Cephadex A-25" (a product of Pharmacia) , for the 
adsorption. The column was washed with 20 ml of distilled 
water, and subjected to an elution using NaCl solution with 
a linear concentration gradient of 0 to 1 M. The eluate was 
collected in 20 ml-f ractions . Active fractions Nos. 18 to 23 
were collected and adjusted to pH 2 . 5 by aqueous hydrochloric 
acid solution, followed by extraction with an equal amount of 
n-butanol added- The upper n-butanol layer was taken, and 
was added with a 0.01 M phosphoric acid buffer solution (pH 
7.0) at a volume of 20% based on the amount of the upper 
layer taken, for the extraction. During extraction, pH was 
examined, and the solution was adjusted to 7.0 with sodium 
hydroxide. The aqueous layer was taken, and subjected to 
gel-filtration on the crosslinked dextran-matr ix "Cephadex 
G-10" (a product of Pharmacia) . The column was developed 
using distilled water. Active fractions were collected and 
f reeze-dried . A sample of the freeze-dried material was 
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dissolved into a small volume of deionized water, and the 
resulting solution was fed through a column -packed with 
200 ml of chromatographic cellulose (Whatman CC31) , for 
adsorption. The column was developed with the upper layer 
of n-butanol : ethanol : water (4 : 1 : 5) as the eluting 
solvent. The active fractions were collected and dried 
under reduced pressure on a rotary evaporator. The residue 
was dissolved into a small amount of distilled water and 
freeze-dried, to obtain 18 mg of sodium clavulanate. 
Brief description of Drawings 

Fig, 1 shows an infrared absorption spectrum of sodium 
clavulanate obtained from the culture of Streptomyces SP , 
P6621 strain, when measured by the KBr tablet method. 
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